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Abstract 
Substantial progresses made in last five decades  in the front end of the nuclear fuel cycle in India has 
been supported adequately with advances and innovations in the field of  back end technology and 
methodology developments for power reactors in general and thermal reactors in particular. The 
activities in the back end are characterized by spent fuel transport and storage, reprocessing, waste 
management and large scale support technology developments. The specifically designed spent fuel 
transport casks are in operation for shipment of the spent fuel to pre-reprocessing underwater storage 
facilities operating at Tarapur and Kalpakkam. Three reprocessing plants based on PUREX process 
located at Trombay, Tarapur and Kalpakkam have been set up to undertake reprocessing of the spent 
fuel from Trombay based research reactors, power reactors of western sector and southern sector 
respectively. The complete waste treatment, immobilization and disposal cycle for Low and 
Intermediate Level waste is in place to manage such waste from power as well as research reac tors with 
a number of chemical treatment plants and near surface disposal facilities operational in various power 
plant sites. As regards to management of high level liquid wastes mainly arising from the reprocessing 
stream, two vitrification plants are currently operational whereas third one in under commissioning. 
One pre-disposal storage facility for vitrified high level waste products is operational at Tarapur while 
another new storage facility is under construction at Kapakkam. Research and development  activities in 
the field of permanent geological disposal of such vitrified high level waste are in progress. These 
activities in the back end have been amply supported by development of large technological 
innovations and design of remote handling systems , robotics, radiation shielding etc. Development of 
advanced matrices, innovations in processes related to actinide separations and partitioning, recovery of 
other valuable isotopes are among the areas of future research and developments in fuel cycle of 
thermal reactors in India. 
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1. Introduction 
    The back end of the nuclear fuel cycle of thermal reactors in Indian case chiefly revolves around 
spent fuel reprocessing and associated waste management activities amply supported by development 
of innovative technologies and equipments for providing ease of the operations and ensuring safety. 
These activities assume greater importance in the wake of the strong interlinks that exist among three 
stages of the Indian nuclear power generation programme as set out by Dr Bhabha in early sixties.  
__________________ 
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The successful backend activities in the very first stage, involving PHWR’s, lead to production of fuels 
for next stage reactors. The focused steps in this arena of the fuel cycle of thermal reactors thus were 
concurrently started with the onset of setting up research reactor at Trombay. The reprocessing 
technology and waste management activities, later on, were extended to meet the requirements of the 
spent fuels of power reactors by setting up a number of facilities  dealing with reprocessing and waste 
management. More than forty years of experience in operating these facilities has also witnessed large 
scale advances in various processes, equipments, support technologies and associated research and 
development activities.  
Of late there has been growing interest in removal of valuable radionulcides like isotopes of Cs, Sr, 
palladium group of elements etc. also from the high level  liquid waste stream that originates from 
reprocessing plants for their use in industry, medicines and agriculture besides reducing the radio 
toxicity of final waste products destined to be disposed within deep geological repository. The waste 
management activities in the back end, as a result, are continuously undergoing large scale 
developments and innovations in the field of waste matrices, interim storage and ultimate disposal. The 
plants involved in these operations have also undergone large scale advancements in terms of 
equipments and instrumentations involving remote handling, radiation  shielding, manipulators, waste 
transport etc. In this paper, the major technological advances and innovations made in last four to five 
decades in the back end of Indian nuclear power generation programme and areas of future activities 
are dealt with. 
2. Transport and storage of spent fuel 
    Most of the nuclear power plants in India are located along its long coastal lines and thus spent fuel 
from these reactors needs to be transported to reprocessing plants through public domains necessitating 
strict adherence to stringent regulatory requirements to ensure protection of man and environment. For 
such purpose, after rigorous testing and experimental demonstration, special “Type B” packages (cask) 
shielded with steel or a combination of steel and lead has been indigenously developed (Fig.1). Some 
of these tests involve extensive performance assessment under extreme events like free fall, excessive 
heating, and submergence in water as per regulatory requirements before putting them to use both by 
numerical simulations as well as appropriate experiments. Till date there has been large number of such 
shipment of spent fuel without any accident or mishaps. On arrival to reprocessing plant site, under 
water storage of spent fuel in specifically designed facilities  is undertaken to ensure decay of some of 
the short lived radioactive isotopes. This substantially reduces the temperature and radioactivity 
associated with spent fuel. Currently two such facilities are operational at Tarapur and Kalpakkam. The 
facility at Tarapur was commissioned in 2007   and has a total capacity of 1200 tone of spent fuel from 
the power reactor sites (Fig.2). 
3. Spent fuels reprocessing 
    
Fig. 1. Spent fuel transport in Type B Cask                                      Fig2. Spent fuel storage facility at Tarapur 
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    Keeping in mind the necessity of reprocessing of the low burn up spent fuel from Trombay based 
research reactor, dedicated efforts involving experiments with pulsed perforated  columns, finalization 
of process and equipment design, fabrication and installation of equipment, piping and other auxiliary 
systems were continued for almost six years in late fifties and early sixties. These endeavors finally 
culminated in setting up the very first reprocessing plant in India with a nominal capacity of 30 tonnes 
HM/year in 1964 at Trombay (Fig.3). In this plant, the spent fuel from 40 MW research reactor CIRUS 
comprising the fuel element (3.4 m long) clad in aluminum goes through head en d processes involving 
chemical de-jacketing and dissolution in nitric acid. The dissolved fuel then passes through a PUREX 
process comprising a decontamination cycle, a partition cycle and two uranium and plutonium 
purification cycles. This plant has over the years extensively used for a number of research and 
development endeavor dealing with studies on solvent degradation, development of equipment and 
supporting systems, online data acquisition systems for achieving higher plant throughput.  
    The long periods of operation of this plant provided wealth of data on PUREX processes as well as 
instrumentation and equipment performance and paved the way for setting up India’s second 
reprocessing plant with a nominal capacity of 0.5 tonnes HM/day, in 1975 at Tarapur to reprocess 
zircaloy cladded spent fuel from power reactors located in Tarapur and Rajasthan (Fig.4). In this plant, 
chop-leach techniques were first time introduced as head end treatment processes. Besides cycle 
involving simultaneous decontamination and partitioning was also introduced in this plant. This plant 
also witnessed introduction of a number of other superior system like pneumatic pulser, air lift as a 
metering device for active solutions, thermo-syphon evaporators, solvent wash systems, etc. New 
approaches involving 20%TBP based solvent extraction and stripping were also adopted in process 
flow sheet of this plant to enhance plutonium throughput. 
    The experience gained through decades of successful operations of these two plants has been useful 
in setting up a third reprocessing plant at Kalpakkam (Fig.5). Here, a totally indigenous fuel assembly 
shearing machine has been developed and installed for use on head end treatment. On corrosion 
resistant material front, nitric acid grade type 304 L SS steel with as low as 10 mpy corrosion has been 
developed for use in future plants.  Similarly in the head end, work on laser assisted dismantling of the 
fuel bundle followed by single pin chopping is in progress. 
    Hence, over 40 years of operations of PUREX process based reprocessing plants at Trombay and 
Tarapur have well demonstrated the applicability of the technology in achieving almost 99.5% yield so 
far as uranium and plutonium are concerned. With the second stage of the Indian nuclear power 
programme gaining momentum, reprocessing plants will need capacity enhancement in near future. 
Even though PUREX process is well evolved to meet the present and future challenges, future focus in 
reprocessing will mainly center on improvement in PUREX process to achieve combined removal of 
reusable and waste elements along with reduction of the radiotoxicity of liquid wastes. This would 
necessitate need for specific equipment design, on line monitoring of process parameters and material 
development. Utilization of vast resources of thorium available in India in the third stage reactors 
warrants innovations in reprocessing technology also. To address this challenge, an engineering scale 
facility for U-233 separation has been set up at Trombay in 2002 for recovery of U-233 from CIRUS 
irradiated thoria rods. Another facility, Power Reactor Thoria Reprocessing Facility (PRTRF) is being 
set up in Trombay for reprocessing of zircaloy clad thoria bundles from PHWR. 
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Fig:5 Reprocessing Plant at Kalpakkam 
4. Management of radioactive waste 
    Radioactive waste with different level of radioactivity arises in almost all stages of nuclear fuel cycle 
of the thermal reactors from mining to its reprocessing apart from the waste generated during use of 
isotopes in medicine and industry.  Barring the waste generated  in mining activities, most of the other 
waste finally finds their way to back end for their treatment and disposal. India has developed 
technological expertise at par with international practices in managing all kinds of radioactive wastes 
during the last five decades. In the following pages, few key components of these activities would be 
elaborated. 
4.1. Low & intermediate level waste management 
4.1.1. Pre-disposal treatment 
    Low and Intermediate level waste are generated in high volumes during reacto r operation and also in 
other parts of the fuel cycle activities and warrants highly efficient volume reduction technology 
capable of handling such waste with varying physicochemical characteristics. Due to their lower 
radioactivity such wastes are treated by thermal / solar evaporation, ion exchange, chemical 
precipitation and membrane processes depending on the nature of the waste stream (Fig. 6).  A reverse 
osmosis plant of 100 m3/day capacity, using polyamide membrane, is in operation at Trombay for 
treatment of LLW (Fig.7). Solar evaporation has also been successfully used for concentration of low 
level waste at Rajasthan site.  The second step in management of such waste, like HLW, also is 
associated with their immobilization in suitable matrix. A number of matrix are being used for such 
purpose depending on phyico- chemical characteristic of the waste.  
 
     
  Fig.6. Chemical Treatment plant Kalpakkam 
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  Fig7 : Reverse osmosis plant, Trombay 
    Immobilization of spent ion exchange resin in polystyrene matrix is in use at power reactor sites 
Narora, Kakarapar and Tarapur, whereas ILW concentrates are being immobilized in cement matrix. A 
combined ion exchange process consisting of RF and intermediate acid resins followed by chemical 
precipitation is in use for treatment and conditioning of ILW at Tarapur and Trombay. 
Treatment of organic liquid waste, generated from reprocessing plants in the form of spent PUREX 
solvent (30% tri-butyl-phosphate in diluent) that has undergone chemical and radiolytic degradation 
with repeated use is a challenging task.  A plant based on indigenous technology is used to treat the 
spent solvent by the ‘alkaline hydrolysis’ process at Trombay (Fig.8). The treatment allows the 
recovery of diluent virtually free of activity. An incineration facility  is also in operation at Trombay for 
thermal destruction of non-recyclable diluents. Specially designed incinerators are employed for 
burning the combustible solid low level wastes achieving a volume reduction of about 50. A unit for 
volume reduction of low active solid waste using plasma pyrolysis process is being set up at RSMS, 
Trombay. Hydraulically operated baling press is used to compress low active non -combustible waste to 
obtain volume reduction of 5 at Kalpakkam. At Trombay, the compactable waste packed in drums is 
pelletised using 200 ton hydraulic press. Apart from drum pelletisation, the system is also equipped for 
the compaction of used HEPA filters.  
 
 
Fig.8 Alkaline Hydrolysis Plant, Trombay 
 
 
 
 
 
S.D. Misra / Energy Procedia 7 (2011) 474–486 479
 
Fig.9 Tank Remediation  by Ion Exchange (TRIX)   
    To handle gaseous waste, all nuclear installations in the country are equipped with an elaborate off-
gas cleaning system. These systems are designed depending on specific activity, type of radioactivity, 
particulate density and its size distribution, specific volatile radioisotopes and their concentrations, etc. 
Different types of scrubbers like ventury, dust, packed bed, cyclone separators, high-efficiency low-
pressure drop demisters, chillers and high-efficiency particulate air (HEPA) filters are used to 
practically retain most of the particulate radionuclides. 
4.1.2. Disposal of low &iIntermediate level waste 
    Due to the lower radioactivity and shorter half lives of the radionuclides in such wastes, their 
disposal is carried out in specifically designed engineered structure located within shallow depth of 5-
10 meters below ground surface in carefully selected sites. As a national po licy, each major nuclear 
facility in India has its own Near Surface Disposal Facility (NSDF) co-located for permanent disposal 
of such waste. Most of site selection related studies involving site selection or site rejection criteria 
therefore are conducted during the reactor siting itself. Among these studies, subsurface geology, 
seismo-tectonics, neo-tectonics, soil characteristics, slopes, groundwater conditions are important. 
During site characterization systematic detailed geological, structural and hyd ro geological studies 
supported by in-situ radionuclide transport experiments are done to finalize the design and layout of the 
underground disposal modules of these facilities. At every stage appropriate performance   & safety 
analysis of the sub-system and total system is undertaken to enhance the confidence in disposal. 
There are seven NSDFs currently operational within the country. The various disposal modules 
currently adopted in NSDFs are (i) Stone Lined Earth Trenches (SLT), (ii) Reinforced Concrete 
Trenches (RCT) and (iii) Tile Holes (TH). These disposal modules are shown in Fig 10,11 & 12   . An 
array of monitoring boreholes is established around these facilities to periodically assess groundwater 
quality.  
 
                                            
Fig.10. Stone Lined Trenches                                                                         Fig. 11. RC Trenches        
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Fig. 12. Tile Holes 
    The focus of activities in near future in the arena of waste management would include minimization 
of radioactive waste, enhancement of decontamination factor, higher waste loading in vitrification, 
separation of long lived isotopes, development of process for organic waste, off-gas treatment, 
improvement in fabrication and quality assurance and advancement in robotics and controls. To 
achieve expertise in partitioning of  minor actinides from HLW, Actinide Separation Demonstration 
Facility is being set up at Tarapur. A number of novel solvents systems like TRUEX Solvent (0.2 M 
CMPO + 1.2 TBP in n-dodecane) and amide solvent (0.2 M TEHDGA + 30% isodecyl alcohol in n -
dodecane) have been tested and optimized to achieve high degree of partitioning. R&D is in progress 
for removal of valuable fission products like Cs-137, Sr-90 and also that of platinum group of metals 
and Ce-144 and Pm-147 are in progress at various scales. 
4.2. High-level waste management 
    The High Level  Liquid Waste (HLLW) produced during the reprocessing of the spent fuel carrying 
about 99% of the total radioactivity handled in the entire nuclear fuel cycle goes through three well 
defined stages during its management viz. immobilization, storage and disposal in deep geological 
repositories. Immobilization of high level liquid waste essentially involves their transformation into 
solid phase intimately impregnated in solid inert matrix, a process popularly known as vitrification. In 
India, glasses with appropriate compositions, mechanical, physical and thermal characteristics have 
been adopted as matrix of choice for immobilization of such waste. Currently there are two vitrification 
plants operational at Trombay and Tarapur and a third plant is under construction at Kalpakkam.  
4.2.1. Waste immobilization plant, Trombay  
    The plant located at Trombay essentially undertakes vitrification of HLW produced during the 
reprocessing of spent fuels of Trombay based research reactors (Fig.13). Such waste is characterized by 
the presence of higher sulphate content due to the use of ferrous sulfamate as reducing agent for 
conversion of PU+4 to Pu+3 in PUREX process. Due to the poor solubility of sulphate at higher 
temperature in borosilicate matrix, it results in the formation of thenardite (Na2SO4), the yellow phase. 
This reduces the product integrity substantially. At Trombay plant, this problem has been overcome by 
developing specific glass compositions (SB-44) with 30.5% silica, 20% B2O5, 9.5% Na2O , 19% BaO 
and ~21% waste loading. These glasses have very high chemical durability with leach rates as  low as 
2.32x10-6g.cm-2/day. Metallic melters have been used in Trombay plant. In this plant multi-cell multi-
compartment concept has been adopted to facilitate segregation of equipment and ease of maintenance.  
4.2.2. WasteiImmobilization plant, Tarapur  
    This vitrification plant essentially immobilizes waste produced during the reprocessing of the spent 
fuels from the power plants (Fig.14). Due to altogether different waste characteristics as compared to 
Trombay waste, a new glass formulation has been adopted in this plant. The melter technology used in 
this plant is based on the principle of Joule heating of glass in ceramic pot as compared to induction 
heating based metallic melter being used in Trombay plant. The glass formulation being used in this 
plant has been developed by BARC in collaboration with CGCRI Kolkata. The glasses are 
characterized by 48% silica, 12% Na2O, 26% B2O3 and 5% F2O3, 20% TiO2 with very high waste  
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loading of the order of 24%. These glasses show good chemical durability as depicted by leach rate of 
the order of 8x10-5g/cm/day. 
 
   
 
Fig 13: Inside view of vitrification plant, Trombay          Fig 14: Ceramic melter at WIP Tarapur 
 
4.2.3. Interim storage facilities 
    At Trombay, canisters with diameter of 324 mm (OD) and length of 770 mm and over pack diameter 
of 356 mm (OD) and length of 2000 mm are used for waste loaded glasses. Each canister contains 
about 45 liters of HLW glass with radioactivity inventory of about 0.6 million curies generating about 2 
kW of decay heat. Such canisters are characterized by extremely large radioactivity inventory resulting 
in high decay heat generation and their transport immediately after solidification to the ultimate 
disposal site is not feasible in terms of technology as well as economics. This calls for the storage of 
such overpacks at the immobilization site in suitably engineered facilities for an interim period of time 
roughly about three decades prior to their disposal in deep geological repository. One such facility, 
Solid Storage Surveillance Facility (SSSF) is operational at Tarapur and another one Vitrified Waste 
Storage Facility (VWSF) is under construction at Kalpakkam (Fig 15 & 16). SSSF Tarapur facility is 
designed to receive one canister per day. It has total storage capacity of about 300 tonnes of glass with 
about 1.2 million curie of radioactivity estimated to result from 30 years of vitrification operation. 
VWSF, Kalpakkam is designed to receive one canister every week, containing about 0.5 tonnes of 
active glass. It can store about 1000 tonnes of glass in four independent above ground storage vaults.  
Continuous cooling of canisters is achieved by natural convection air cooling assisted by induced 
draught due to stack, not dependent on man or machine. It utilizes the decay heat and a suitably 
designed stack to provide the driving force for the movement of air through the storage vault. Cross 
flow of air across canisters is adopted for SSSF where as channelized axial flow is adopted for VWSF 
facility at Kalpakkam.  
 
   
 
Fig.15.Solid Storage and Servielliance Facility at Tarapur   
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Fig 16: Schematic view of Interim Storage Facility at Kalpakkam 
 
4.2.4. Geological disposal of high- level vitrified waste 
    Permanent disposal of overpack loaded with vitrified high level waste in deep geological repository 
marks the third stage of the waste management. As most of the nations producing nuclear energy are 
focusing on closing the fuel cycle by successful implementation of deep geological disposal 
programme, India would also need to accelerate this programme on priority basis in near future. The 
unusually long periods of time running over few decades involved in site selection, characterization, 
design, construction, operation and closure of these repositories thus call for setting up appropriate 
steps to ensure uninterrupted progress of these activities in next few decades. In India, due to very vast 
occurrences and favorable thermo-rock-mechanical properties granites have been given priority as host 
rock for such facility over other rock types like basalts, argillite, etc. Very extensive exercise involving 
geological, geophysical, hydro geological surveys and deep drilling has been undertaken  over about 0.1 
million square kilometer area in various parts of the country to generate database on host rock 
characteristics. Preliminary conceptual design and layout of a geological repository with a capacity of 
10000 overpacks spread over  about four square kilometer area have been developed and analyzed with 
the application of state of the art computer codes. The field investigations have been supported by large 
number of sample scale characterization of rocks for their thermal, mechanical, petrological and 
sorption related studies. Studies have also been initiated towards design of clay based backfill and 
buffers for use in such repositories. Under this, preliminary screening of important clay deposit of India 
has been completed. To demonstrate safety offered by such repositories, a number of natural analogues 
of waste forms and repository processes have been identified and are being studied. In line with 
international developments, India also operated a generic Underground Research Laboratory (URL) in  
one of the abandoned underground mines at a depth of 1 kilometer during eighties (Fig 17). Currently a 
programme towards setting up a purpose built URL in granites at 205 m depth is being pursued in one 
of the captive sites. Extensive experimentation involving technology and methodology development 
needed for geological disposal of high level waste are planned in this laboratory (Fig 18). Even though, 
the need of a geological repository is expected to arise only after few decades, nevertheless R&D 
studies are in progress in all the aspects of repository development programme. Some of these 
important areas include studies on backfill and buffers, natural analogues of waste forms and repository 
processes, radionuclide transport through geological media, numerical modeling, etc. 
 
 
 
 
 
 
 
 
 
 
 
S.D. Misra / Energy Procedia 7 (2011) 474–486 483
 
 
 
Fig. 17. Thermo-Rockmechanical Experiment at 1 km dpeth in Kolar Mine 
 
 
 
Fig .18. Excavation for rock charecterization of Underground Research Laboratory  
 
5. Storage facility for alpha waste 
    Besides HLW produced during the reprocessing of spent fuel, a number of equipment, sources, and 
other alpha contaminated instruments like globe boxes, etc are often available needing specific storage 
facility till such time a geological repository is available for their ultimate disposal. One such storage 
facility for alpha active solid wastes has been recently constructed at Trombay and is operational (Fig. 
19 & 20). Similar storage facilities are planned at Tarapur and Kalpakkam as well. 
 
           
Fig.19. Alpha storage facility at Trombay                              Fig.20. Waste handling system at storage facility  
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6. Decontamination and management of aging plants 
    Decontamination is an essential part of the back end activities and as a result decontamination 
centers have been built at Trombay, Tarapur and Kalpakkam for routine decontamination of removable 
components from the neighboring nuclear facilities. Trombay based reprocessing  plants have been 
subjected to a number of decontamination campaign  wherein pulse perforated plate columns, 
evaporators, condensers, ion exchange columns, storage vessels were decontaminated. Almost 
negligible level radioactivity field (<5 mR/h) could be maintained during these campaigns.  The latest 
decontamination exercise has been undertaken in KARP successfully. Similar campaign has been taken 
up for decontamination of WIP’s, radiochemical plants and research reactors. R&D in advanced 
decontamination technology like super critical fluid extraction, electrolytic decontamination and also 
foam based chemical decontaminations is in progress. 
7. Support technologies 
    The activity at the back end of the fuel cycle invariably requires heavy shielding to cou nter high 
radiation fields. This has been achieved by developing custom built remote handling and robotic 
equipments, ventilation systems and robust process control and instrumentation systems. Radio 
operated remote inspection device, radiation shielding windows, three piece master slave manipulator, 
remote welding units, plant ventilation systems are some of these specifically designed and developed 
systems (Fig. 21, 22 & 23).  In future, there would be a need for advancement in robotics and controls. 
Presently, master slave and servo manipulators are in use in the vitrification facilities. Adoption of 
advanced robotics in operation and maintenance of waste management facility is desirable to meet the 
objectives of higher plant throughput, reduction in radiation exposure and deployment of less human 
resources. Similarly, use of the state-of-art instruments and control systems will result in safer 
operations, less dependence on operator’s skill and higher productivity . 
 
                                
 
Fig.21. Remote welding system for  canisters                                             Fig .22.Radiation sheiding windows 
filled with vitrified waste 
 
 
 
Fig.23.Radio Operated Remote Inspection Device (RID) 
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8. Focus areas of R&D in back end 
    The reprocessing technology for spent fuel from thermal reactors has matured considerably due to 
almost five decades of experience. Reprocessing of irradiated thorium for recovery of 233 U constitutes 
one of the major areas of focus in the back end. The fuel irradiated in blankets of PHWR and use of Th -
Pu MOX fuel in AHWR would call for development of an innovative THOREX process involving 
three component separations and at the same time taking care of higher radiation fields associated with 
such fuels. Since the commencement of R&D in these fields, a number of flow sheets have been 
evolved on laboratory based experiments, an engineering scale facility for separation of 233 U has been 
commissioned at Trombay for the processing and recovery of 233U from throuim rods irradiated in 
CIRUS and DHRUVA. Studies point towards suitability of PUREX process in fast reactor fuel 
reprocessing also. 
    In the wake of large scale expansion of nuclear power production programme, larger v olumes of 
waste with different characteristics are likely to add to waste inventory in near future. Hence, 
radioactive waste management needs sustained development with new R&D inputs. The programme 
would face pressing need to induct new technologies to enhance performance of existing designs and 
minimize waste. Among the key areas needing very dedicated and focused efforts minimization of 
radioactive waste emerges in front line. Under this, development of specific sorbents and magnetic 
assisted separations, volume reduction of hulls, development of specific corrosion resistant materials 
are of greater importance. Ultra-filtration and reverse osmosis technologies for low level waste (LLW) 
and intermediate level waste (ILW) treatment need to be developed on p lant scale. Presently, a pilot-
plant of 10 m3/day capacity is in operation for biodegradation of nitrates present in LLW which reduces 
1500 ppm of nitrates to less than 10 ppm.  Enhancement of decontamination factors, higher waste 
loading in vitrification to ensure optimum use of underground space in deep geological repository, 
separation of long lived isotopes to provide protection of environment would remain areas of concern 
in future as well. 
    Current practice of disposing low and intermediate level waste on Near Surface Disposal Facilities 
would continue in near future as well. However, innovative multi-tier design of disposal modules is 
being developed for use in future sites with a view to ensure effective utilization of the disposal area. 
Some of the operating NSDF’s would be completing their lifespan soon and warrant their closure as 
per regulatory guidelines. R&D in this vital area has also been commenced. 
In the area of the permanent disposal of HLW canisters in deep geological repository, much focused 
efforts would be needed to build an Underground Research Laboratory to develop methodology and 
technology pertaining to site characterization viz. rock mass response to waste disposal, alteration in 
groundwater regime, rock-waste-groundwater interaction, and radionuclide transports, etc. The studies 
would also focus on development of repository construction technology, canister transfer to 
underground pits and their emplacement technology, repository performance monitoring systems, etc. 
Currently studies towards setting up of underground chambers of such facility in the vicinity of one of 
the upcoming uranium mine are in progress. 
9. Summary 
    The backend of the fuel cycle in Indian context is essentially composed of spent fuel reprocessing, 
waste management and a large combination of specific processes, material, instrumentation and support 
facilities. India is currently operating three reprocessing plants handling fuels from the research 
reactors as well as power reactors respectively. While the PUREX process has been adopted in these 
plants with some plant specific modifications based on experiences gained during operation of 
successive plants, the future plants would need innovations in process applied, remotization, large 
throughputs and advanced waste management plants. 
    Waste management facilities at various nuclear installation sites are  currently operating safely and 
successfully for more than four decades. India has developed sufficient expertise in this advanced 
technology with respect to matrix development, process design, construction, commissioning, 
operation and remotised maintenance. As far as the technology for waste conditioning is concerned, 
metallic melter technology has been established and demonstrated. The continuous ceramic melter 
based process technology has been recently adopted at Advances Vitrification System, Tarapur. In 
parallel, cold crucible technology is being perfected to achieve still higher processing temperature to 
solve problem of materials suitable under such challenging process environment. 
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    In the field of handling, storage and disposal of low and intermediate level solid waste in near 
surface disposal facilities (NSDFs) India has achieved decades of operation experience. Besides, 
expertise exists in site selection, characterization and safety analysis for NSDFs.  Technology has been 
developed for the design, construction and operation of interim storage facility for vitrified waste 
products under surveillance. A large-scale programme has been initiated to identify a few suitable 
geological domains and generate comprehensive databases on promising host rock available in India. 
Current focus of these studies is on granites that have been studied extensively as a na tural barrier of 
deep geological repository.  Long term evaluation of vitrified high level waste under geological 
conditions is being pursued to help demonstrate safe containment of waste in deep geological 
repositories, with no impact on the environment.  
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